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EASUREMENT 


VGA display tester 





check those computer displays 





The portable test 
instrument described 
in this article supplies 

RGB test signals for 
VGA colour displays 
as used in many of 
today’s computer sys- 
tems. The tester sup- 
ports line frequencies 
of 31-83 kHz, and 
raster frequencies of 
55-114 Hz, with selec- 
table sync polarity as 
a useful extra. The 
VGA tester not only 
allows ‘suspect’ dis- 
plays (‘Super bar- 
gains’) to be tested 
on the spot, it is also 
great for computer 
service and repair 
shops. 


Design by W. Foede 
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Features 


8 Horizontal frequencies from 31-83 kHz 
8 Vertical frequencies from 55-114 Hz 


8 Testcharts 


- Any combination of horizontal, vertical frequencies and testchart 


- All frequencies at crystal stability 


- Mode selection using 3 pushbuttons 


- Display: 8+ 3 LEDs 





Classic construction using discrete 
parts, or integrated programmable 
logic, well that is not an issue in this 
case. If a an ‘all-discrete-design’ strat- 
egy were followed, a test instrument 
like the one described here would 


require one or two dozen integrated 
circuits and a massive amount of pas- 
sive components. By contrast, the use 
of a programmable logic component 
(like a PLD) results in a compact and 
extremely useful instrument that is eas- 
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ily reproduced at a reasonable price. 

On the downside, the programmed 
logic component ‘hides’ its activity, so 
that its function is not apparent at first 
blush, and modifications, well they are 
almost impossible to implement. 
Because of this, we will give a fair 
amount of attention to the contents of 
the EPLD used in the VGA Tester. 
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EPLD, INTERNALLY 

For achange, the block diagram of the 
VGA Tester, Figure 1, may be said to pro- 
vide more information than the actual 
circuit diagram! The upper part deals 
with the horizontal sync frequency (also 
called line frequency), the lower part, 
with the raster (picture refresh or simply 
‘vertical’) frequency. The central clock 
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Figure 1. Block diagram of the 
VGA Tester, with special atten- 
tion given to the logic blocks 
in the EPLD. 
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Figure 2. Circuit diagram of 


the VGA Tester. 
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Table L Modes and indicators 


Mode 1: Setting: line frequency (H) 
Display: LED on, bright 


Operation: UP: frequency up, DOWN: frequency down 
Line frequency in kHz Mode LEDs 

Divider (exactly) Display SVH 
10k+12 83.333 83 00 xX 
10k+14 71.429 71 
10k+16 62.500 63 
10k+18 55.556 56 
10k+21 47.619 48 
10k+26 38.462 38 interlaced 
10k+28 35.714 36 
10k+32 31.250 31 reset 


Mode 2: Setting: raster frequency (V) 


Display: LED on, dim 


Operation: 

Raster frequency in Hz 
Divider (exactly) Display 
6720+13 114.47 114 
6720+15 99.21 99 
6720+17 87.54 88 
6720+20 74.40 74 
6720+21 70.86 71 
6720+22 67.65 68 
6720+25 59.52 60 reset 
6720+27 55.11 55 


Mode 3 Setting: testcharts 
Display: LED on, bright 
Operation: 

Picture 
Colour bars reset 

Crosshatch 

Red 

Green 

Blue 

White 

Dots 

Lines 


Mode 0 Setting: sync pulses 


UP: frequency up, DOWN: frequency down 


Mode LEDs 
SVH 
oxo 


UP: next testchart, DOWN: previous testchart 


Mode LEDs 
SVH 
X00 


Display: bright: horizontal; dim: vertical 


Operation: 


UP: -SH inverted; DOWN: -SV inverted 


Mode LEDs 
SVH 
000 


Reset Setting: FH=31 kHz, FV=60 Hz, testchart = colour bars, Mode 0 
Operation: 


SEL + UP or SEL + DOWN (in all selections) 





sourceis a 10-MHz osdilator around X1, 
which generates the signal marked ‘C8. 
This signal is applied to two counter 
chains, each consisting of a fixed-mod- 
ulo counter and a counter with a pro- 
grammable divisor. Of course, the coun- 
ters do not actually divide, they merdy 
count a fixed number of pulses before 
reverting to zero. 

The horizontal (line) frequency is 
determined by an 5-bit counter, 
PRCTR H) with 8 adjustable steps, and 
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the modulo-10 counter, MCTR H. All 
picture contents, the sync signal and 
the blanking (picture retrace) signal are 
derived from the modulo-10 counter. 
Thisis done to make sure the testcharts 
remain independent of the program- 
mable divider frequency. Basically the 
same applies to the raster (V) frequen- 
cies. Here, too, we find a 5-bit counter 
(PRCTR V), which reduces the oscilla- 
tor frequency in eight steps, together 
with the modulo-8060 counter 


MCTR V. Table 1 lists the adjustable 
divisors, the associated exact values, 
and the resulting frequendes as printed 
on the front pane! of the instrument. 
The line frequencies are between 
31kHz and 83 kHz, the raster frequen- 
cies, between 55 Hz and 114Hz. 

The two blocks marked SEL FH and 

SEL FV provide two sets of 8 reset 
pulses for PCTRH and PCTRV. They 
are switched using 3-bit counters UDC- 
TRH and UDCTRV. 
Counter UDCTR is the only up/down 
counter which is blocked for the direct 
transition from 31 kHz to 83 kHz 
Under certain drcumstances, this jump 
could cause severe damage to the VGA 
display under test! 

For still testcharts, we need an even- 
numbered ratio of lines per picture. 
With 64 possible frequency combina- 
tions, things become very difficult 
indeed, because all frequencies are 
derived from a single quartz crystal. 
Moreover, the frequencies should 
roughly match the usual resolutions 
offered by videocards on the one hand, 
and VGA displays, on the other — see 
the data in Table 2. 

The H:V ratio of the two ‘fixed’ 
modulo counters has been chosen such 
that horizontal picture sections only 
appear interlaced at 38 kHz. With all 
other pictures, line jumps occur. For 
these to be eliminated one would need 
amuch more extensive circuit. 


UP AND DOWN 

The VGA Tester is controlled with just 
three pushbuttons. The SEL (ect) but- 
ton is sued to pick one of four modes. 
In Mode 1, the horizontal (line) fre- 
quency is selected; in Mode 2, the ver- 
tical (raster) frequency, and in Mode3, 
the testchart. The Mode you have 
selected is indicated by three Mode 
LEDs: S, V and H. 


Table 2. 
Outputs 


Socket K1: DC15-HD, 
pinout to VGA standard 


Pin Symbol Signal 
1 R 0.7 Vpp/75 Q 
2 G 0.7 Vpp/75 Q 
3 B 0.7 Vpp/75 Q 
13 -SH TTL/75 Q 
14 -SV TTL/75 Q 
15 H/V 

Trigger-Signal 2.2 KQ 
Cinch outputs 
R 0.7 Vpp/75 Q 
B 0.7 Vpp/75 Q 
G + Scomp 
(SH/SV) 1 Vpp/75 Q 
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COMPONENTS LIST 


Resistors: 
R1,R4,R5 = 10 kQ 
R2,R3,R6 = 1MQ5 


en 





R7.R13,R15,R16,R17,R20 = 2202 ce 
R8.R12.R21 = 2kQ2 a eA (ee 009 OLR] 
R9 R14 = 4702 oLR2_o oiio o 
R10 = 100kQ ee cae, 2, 
R11 = 1kQ 5 o e O 9000 o O_o 
R18,R19 = 750 oo oe 
leale? offR21_Jo 
Capacitors: eon x 
C1,C2,C3,C6 = 100nF 
C4,C5,C9 = 47pF Ò | K2 
C7 = 1000uF 16V radial ” a J $ 
C8 = 10pF £ IC2 © te 
K D30 


D4 ty 06/-D7—D87 69 010 D119 
h AT A A A A Kr Vs Ys 


Semiconductors: 
B1 = B80C1500 (round case) 
D1 = low current LED, 3mm, green 


D2-D11 = low current LED 3mm, red 
IC1 = EPM7064SLC44-10, pro- 

grammed, order code 996501-1 
IC2 = 7805 


Miscellaneous: 

S1,S2,S3 = pushbutton type ITC D6- 
R-RD, optionally with cap type D6Q- 
RD-CAP 

TR1 = PCB mount mains transformer 
9V/1VA5 (e.g., Block type VV1109) 

K1 = 15 pin VGA connector, angled, 
PCB-mount 

K2 = 2-way PCB terminal block, 
raster 7.5mm 

K3, K4, K5 = cinch socket, PCB 
mount, angled 

X1 = 10MHz quartz crystal 

44-pin PLCC-socket 

PCB, order code 990022-1 


eo boone 1-2z0066 
[es e °} 





Figure 3. PCB artwork 
(board available ready- 


The SEL pushbutton docks a 2-bit which perform the fre- made). vides an indication of 


ring counter (2BIT SCTR), which drives 
a dual 4-to-1 multiplexer (M UX SEL) as 
well as the three M ode indicator LEDs 
via LD1, L2 and LD3. Depending on 
the switching position of the multi- 
plexer the pulses generated by the UP 
and DOWN switches are taken to 
up/down counters (3BIT UDCTR, V 
and H). These counters in turn copy 
the binary equivalents of the ʻup’ and 
‘down’ pulses to the counter cascades 


quency setting. 

In Mode 3, the 
up/down pulses arrive at counter 3BIT 
UDCTR PICT, which serves to select 
the testchart selection in the output 
stage. 

The information from the three 
up/down counters and the 2-bit ring 
counters are accepted by the MUX 
H+V SEL block, and used to control 
the eight LEDs (0-7). This readout pro- 


the currently set fre 

quencies (H and V) and 

testchart. In Modes 1 and 2, one LED 

lights brightly to indicate the selected 

line frequency and one LED lights 

weakly to indicate the vertical fre 

quency selection. In Mode 3, finally, 

one LED lights brightly to indicate the 
testchart selection. 

At this point, we should not forget 

to mention the fourth mode, which is 


Table 3. VGA-Tester display resolution 


Horizontal 31 kHz 36 kHz 38 kHz 48 kHz 56 kHz 63 kHz 71 kHz 83 kHz 
Vertical 

55 Hz 640x480 800x600 800x600 1024x768 1280x960 1280x1024 1280x1024 1600x1280 
60 Hz 640x480 640x480 640x480 1024x768 1152x900 1280x1024 1280x1024 1600x1280 
68 Hz 640x480 640x480 640x480 800x600 1024x768 1152x900 1280x1024 1280x1024 
71Hz 640x480 640x480 640x480 800x600 1024x768 1024x768 1280x960 1280x1024 
74 Hz 640x400 640x400 640x480 800x600 800x600 1024x768 1152x900 1280x1024 
88 Hz 640x400 1024x768 640x400 1280x1024 800x600 800x600 1024x768 1152x900 
99 Hz 800x600 640x400 640x400 1152x900 1280x1024 800x600 800x600 1024x768 
114 Hz 640x400 800x600 640x400 1024x768 1152x900 1280x1024 800x600 800x600 


bold: value at power-on 
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actually Mode 0. It is indicated by all 
four Mode LEDs remaining off. The 4 
up/down counters cannot be switched 
in this state. However, the UP key may 
then be used to change the polarity of 
the H sync signal from negative to pos- 
itive. The same goes for the DOWN 
key and the V sync pulse. Non-stan- 
dard sync polarity may be required for 
some display types. 
Mode Ois also active after the unit is 
switched on. All counters are reset, and 
the Mode LEDs are off. When the SEL 
key is pressed, the VGA Tester switches 
to horizontal-frequency Mode; press- 
ing it again selects vertical-frequency 
mode, and so on. 
A special feature: when the UP and 
DOWN keys are pressed simultane- 
ously, or SEL and DOWN, all settings 
of the VGA Tester are returned to those RED 
for a standard VGA output signal. The 
test pictureis then ‘colour bars’ at a res- 
olution of 640x480 pixels. 


CROSS-HATCH 


TESTCHARTS — THE 
LOGIC WAY 

The states (output values) of the fre- 
quency counters are available as paral- 
lel binary words (H 0-H 8 and V0-V 18) 
at the block marked H+V LOGIC, 
together with ‘position’ of the picture 





selection counter (UDW 0-2). This UP SELECT 
information is combined into eight 

testcharts by the H+V LOGIC block. 990022 - F 
With all testcharts, the timing ratios 

Sync/Blanking/Picture are based on Figure 4. Suggested 

those for ‘standard VGA’ (640x480 pix- front panel layout 


els, H=31L5kHz, V=60 H2). 

The modulo-counter states also 
allow the horizontal and vertical pulses 
to be derived with simple logic. The 
RGB and sync outputs are taken to a 
standard VGA socket (high-density 15- 
way), which should enable most dis- 
plays to be connected-up. Besides the 
regular R and B components, some 
monitors require a sync-on-green sig- 
nal (GS) which contains the colour and 
a combined (H +V) inverted sync sig- 
nal. For this type of monitor, three cinch 
sockets are available on the board. The 
combined signal is also eminently suit- 
able for triggering an oscilloscope. To 
eliminate the ‘green’ DC component, 
you simply use the AC-coupled input 
on the oscilloscope. Table 3 provides an 
overview of the outputs. 

In addition to the EPLD and its 
peripherals (pushbuttons, LEDs and 
VGA outputs) the complete circuit dia- 
gram in Figure 2 also shows asmall 5- 
volt power supply consisting of a 
miniature transformer, bridge rectifier, 
reservoir and smoothing capacitors, 
and a 5V fixed-voltage regulator. 

Building the circuit on the printed 
circuit board shown in Figure 3 should 
not present problems, we reckon, and 
the same goes for fitting the completed 
board into a suitable plastic enclosure. 
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